In 2015, the government of Indonesia launched the development of The 35,000 MW of power capacity. This project is required to stimulate economic growth and production in Indonesia. However, the project requires a huge financial investment, estimated to be about US$ 90.90 billion. Considering this situation, the construction of effective and efficient power plants based on energy potential in Indonesia is necessary. This research proposes alternative power plant development based on multiple linear regression and peak load analysis approaches. The results of this research show that 33% of the total power plants will be constructed in Java-Bali and the remaining 67% will be spread across Indonesia. Total energy demand in Indonesia is estimated at about 47.345 MW, with a total investment cost of about 1,813.32 trillion rupiah and operation and maintenance costs of about 289.13 trillion rupiahs per year. The research presented here also shows the use of renewable energy power plants increasing from 27% to 34% compared to the existing calculation.
INTRODUCTION
Indonesia is located in Southeast Asia and consists of 17,504 islands, with a population of approximately 250 million. As a developing country, national electricity demand tends to increase about 8% to 9% annually. In 2013, Indonesia electricity consumption was about 188 terawatt-hours (TWh), divided into 41% for households, 34% for industries, 19% for commercial uses, and 6% for public demand. This indicates that every year, an additional capacity of 5,700 MW of power generation must be constructed in order to meet the increased electricity demand (Ministry of Energy and Mineral Resources, 2014) . Regarding these needs, the Indonesian government has initiated the construction of 35,000 MW power plants throughout the Indonesian archipelago. This mega-infrastructure project aims to improve people's lives by providing them with better connectivity and better access to electricity (Berawi et al., 2015) .
The 35,000 MW program is a mega-project development in the electricity sector that aims to 1446 Towards Self-sufficient Demand in 2030: Analysis of Life-cycle Cost for Indonesian Energy Infrastructure deliver energy supply across the country of Indonesia. It is initiated by the President of Republic of Indonesia in 2015 and projected to reduce energy crisis in near future, improve industry competitiveness and accelerate national economic growth. The project will be divided between PT Perusahaan Listrik Negara (PT. PLN) and Independent Power Producer (IPP). PT PLN will be responsible for the construction of 10,000 MW (30%) while 25,000 MW (70%) shall support from the IPP.
PT. PLN as a leading state-owned enterprise in the electricity sector has mapped the needs of electricity in Indonesia. Approximately 53%, or 18,706 MW, of the total electricity needs will be installed on Java Island, 26% (9,219 MW) for Sumatera Island, 6% (1,935 MW) for Kalimantan, and 1% (407 MW) for Nusa Tenggara and Maluku. The rest will be distributed to other required locations. A detailed energy map is given in Figure 1 . According to Figure 1 , Java Island dominates the construction of electricity power plants and transmission networks. In contrast, Java and Bali Islands have the lowest average growth in term of electricity sales compared to other areas such as Sumatera, Kalimantan, Sulawesi, and Maluku-Papua-Nusa Tenggara (PT. PLN, 2015a). Between 2009 and 2013, Java and Bali produced 7.8% of the average growth in electricity use, while other areas show higher figures from 9.4% to 12.7%. Details of electricity sales are given in Table 1 . 9.7 10.7 13.0 16.1 13.8 11.4 12.7 Based on the table above, there is a huge gap between electricity sales and the construction of power plants. For instance, Sumatera had growth of 9.4% but is only supported by 5.2% of the additional power plant capacity, Kalimantan saw growth of 10.5%, supported by only 1%, and Sulawesi had growth of 11.5% followed by only a 2.7% power plant capacity annually. This situation has led to an energy crisis in those areas. In the short term, the government has to lease power plants from the domestic private entity in order to balance the electricity gap. For the longer term, new power plants must be built throughout Indonesia.
However, construction of power plants requires not only consideration of the location but also the type of power plant, that is, whether it uses fossil energy or renewable energy. Many countries have been attempting to convert their energy production to sustainable sources, such as wind energy, tidal energy, solar energy, and geothermal energy among many others (Kaygusuz, 2012; Kristoferson & Bokalders, 2013) . Sustainable energy will play a significant role in the future for energy demand issues and has the potential to reduce Indonesia's electricity problems. Despite the enormous benefits that can be gained from renewable energy, the investment and construction period is a major obstacle that may hinder the realization of the project (Varho et al., 2016; Li et al., 2015) .
In regards to the current situation, where Eastern Indonesia has a major gap between installed electricity capacity and needs, this research aims to analyze the projected energy needs in Indonesia by 2030 and its implications with regard to the investment cost of the project. It is expected that this paper can be used as an alternative concept in developing energy mapping in the energy sector and may be used as input for related stakeholders in the strategic decisionmaking process.
METHODOLOGY
This research was carried out in two stages. At the first stage, an evaluation of secondary data is carried out. It aims to generate the energy consumption from every province in Indonesia by considering the gross regional domestic product (GRDP), population, and the number of subscribers. This data is then processed using multiple linear regression methods before the energy demand is analyzed and mapped for Indonesia. The second stage aims to estimate investment costs of the construction of the 35,000 MW project. It conducted by using a benchmarking process and time value analysis. The result will map energy distribution and estimated cost for the project development.
The following variables have been identified and were processed using SPSS software:
 Household subscribers growth (X 1 )  Industrial subscribers growth (X 2 )  Business subscribers growth (X 3 )  Public subscribers growth (X 4 )  Population growth (X 5)  Gross Regional Domestic Product (GRDP) growth (X 6 )
These data are expressed as a matrix using the following formula:
Matrix Y can be calculated by submitting the value of β in the above equation to produce the following formula:
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To find out more about how much electricity generation capacity is required to support future electrical usage, peak load was calculated. Peak load calculations can be made using the following equation (Wood & Wollenberg, 2012) :
where Lft = (
EPTt =
The variables are defined as follows; Lft : weighting factor in year t ETSt : total energy sales in year t (GWh) ERt : household energy sales in year t (GWh) EKt : commercial energy sales in year t (GWh) EPt : public energy sales in year t (GWh) EIt : industry energy sales in year t (GWh)
Expert validation through in-depth interview was then conducted to evaluate the reliability and validation of the research output (Creswell, 2013; Mertens, 2014) . Three experts from the directorate-general of electricity, Ministry of Energy and Mineral Resources, were selected to provide input to and discuss this research.
RESULTS AND DISCUSSION

Analysis of Energy Demand
The first stage of this research is to generate the energy demand by taking into consideration population, GRDP, and energy sales to households, industry, business and the public. The existing data was then used to forecast energy needs in 2030 by using multiple linear regression methods. Table 2 summarizes the results for the five provinces with the highest energy consumption and the five provinces with the lowest energy consumption. Table 2 shows that all five of the provinces with the highest level of energy consumption in Indonesia are located in Java Island, further showing how the demand is concentrated in this area. In contrast, the sixth through tenth provinces with the lowest energy consumption only account for about 54.78 MW to 130.49 MW, together totaling about 439.07 MW in energy use. This table also indicates that the development of energy consumption in a region is affected by the level of economic development. The highest consumption lies in the West Region of Indonesia, particularly the Java-Bali islands. The government has paid little attention to the eastern parts of Indonesia because of its low population and small economic contribution to national growth. If this situation continues, the electricity gap will remain large and equitable development between West and East will not be realized.
Following the identification of energy consumption in the 33 provinces in Indonesia, energy demand was analyzed by calculating load factor, energy production, and peak load. Ten provinces are used as case studies to visualize energy demand by 2030 from the five highest demand to the five lowest demand provinces. The details are presented in Table 3 . Energy demand is derived in Table 3 by subtracting from peak load to the power production capacity of the power plants in each province. A negative value of energy demand in Table 3 shows that the area is experiencing an energy deficit. Provinces one to five have the most energy demand and are spread across Java, Kalimantan, Sumatera, and Sulawesi. Meanwhile, the eight through tenth provinces show a positive value, which means they are in an electricity surplus condition. Therefore, installing additional power plants in these areas will be useless. The energy demand is visualized in the Indonesian map shown in Figure 2 . For instance, the Java-Bali region accounts for only 32.87% of the energy demand while the government calculation shows a higher figure of about 51.16%. Other regions outside Java Island that tend to have higher energy demand compared to the government calculation are Sumatera, Kalimantan, Sulawesi and Nusa Tenggara. The comparison is presented in Figure 3 . The identified energy demand was then used to calculate investment cost. However, first, the required capacity of the power plant must be generated by multiplying the minimal plant reliability (30%) by the energy demand. The total capacity of required power plant is showing a higher level estimated compared to the government calculation for about 47,345 MW.
Scenario of Power Plant Development
Currently, Sumatera has the most energy capacity from non-renewable and renewable sources in Indonesia ranging from coal, geothermal, hydropower, and solar power plants. The Java-Bali region has similar energy resources but lower capacity compared to Sumatera, including coal, geothermal, hydropower, wind power, and solar power plants (PT. PLN, 2015a) (Table 4) . On the other hand, similar reference also argued that Kalimantan has the largest energy potential in Indonesia in terms of coal but fewer resources such as gas, geothermal, and hydropower. Sulawesi has a decent amount of energy resources from coal, gas, geothermal, and hydropower, ranging from 1,725.19 MW of coal power to the largest source producing 2,691 MW of hydropower. Nusa Tenggara has the lowest potential resources compared to other regions with only geothermal and hydropower. Furthermore, the Maluku-Papua region has the largest potential in hydropower in Indonesia with 10,000 MW but only a small contribution from of coal, gas, and geothermal.
The following scenario for developing power plants in Indonesia is divided into three operational areas, Sumatera, Java-Bali, and Eastern Indonesia (Sulawesi, Kalimantan, Nusa Tenggara, Maluku-Papua). The scenario is based on the previously identified natural resources potential. For instance, coal in Sumatera has the potential for about 580,857.24 MW and only 6,800 MW can be developed. Further identification of power plant forecast in Sumatera is shown in Table 5 . Based on the table above, renewable energy (geothermal, hydropower and solar) makes up about 39.4% or an increase of 31% from the existing scenario, while non-renewable source power plants contribute about 60.6% of electricity needs. This figure was obtained by assuming the development of fossil power plants will be replaced by renewable energy. -27  44  38  80  ---188  Solar  ---------Wind  50  ----50  TOTAL 3,776 3,632 5,834 1,458 1,095 1,000 720 1,530 18,544
In the Java-Bali region, renewable energy (geothermal, hydropower, wind, and solar) is projected to supply about 29.4% of energy needs, an increase of 23% from the existing scenario, while non-renewable source power plants still contribute about 70.6% of energy needs. Additional power plant capacity from the projection is about 18.54 GW with average growth around 1.24 GW annually.
On the other hand, The Eastern Indonesia region is projected to increase its power plant capacity to 13,569 GW (Table 7) . The composition of renewable and non-renewable energy sources is about 33.6% and 66.3%, respectively. Most power in this region is supplied by smaller power plants, such as gas engines, gas, micro-hydro, and solar power plants spread through the various islands The distribution of potential renewable power plants in Indonesia is supported by Table 5 up to  Table 7 and visualized into Figure 4 . 
Life Cycle Cost
The analysis of investment cost conducted by firstly identify cost component of each type of power plants. It generated through a benchmarking process from the similar power plant in other projects abroad. Basic cost then converted using cost construction index to produce the current value of power plant cost. In a region, there are several types of power plants. All of them which has been identified then simulated to obtain investment cost a region.
The total of the project is estimated at about 1,813 trillion rupiahs. Sumatera contributes as the highest investment followed by Java-Bali region, Kalimantan, Sulawesi, Maluku, Nusa Tenggara and Papua respectively. Despite requiring lower capacity about 2,322 MW from Java-Bali region, Sumatera shows higher investment cost. This might occur due to topography and technical consideration where Sumatera has mountain and hills, meanwhile Java-Bali contour relatively flat. Details are given in Table 8 . (Loutatidou & Arafat, 2015; PT. PLN, 2015b; Kristianto, 2010; Wijaya et al., 2012) . The total cost of all types of power plants spread across Indonesia was then calculated to produce operation and maintenance costs for every region.
The Java-Bali region requires 111.93 trillion rupiahs to produce a total energy capacity around 18,544 MW, while Sumatera needs 94.21 trillion rupiahs for 15,232 MW of energy, and the lowest is eastern Indonesia, requiring 82.99 trillion rupiahs for a total energy capacity around 13,569 MW. Details of operation and maintenance costs are given in Table 9 . 686, 644, 200 94, 212, 576, 643, 544 135, 073, 111, 200 111, 930, 972, 687, 922 Eastern Indonesia 13, 569 98, 223, 884, 400 82, 986, 551, 761, 639 TOTAL 47, 345 344, 983, 639, 800 289, 130, 101, 092, 878 
CONCLUSION
The demand for electricity in Indonesia is increasing progressively by about 6% per year. This research produces the total required power plant development by 2030 is about 47,345 MW. Of that demand, power plants providing 30.48% of the total capacity will be built in Sumatera, 35.39% in the Java-Bali region, 17.12% in Kalimantan, 12.93% in Sulawesi, 0.93% in Maluku, 2.44% in Nusa Tenggara, and 0.71% in Papua. The cost to support the construction of those
